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background of the invention 

^ Field of the Inventinn 

the same, and a method of torirating^me^^ml ‘•'a^smission system using 

Belated Ba ckground Ar| 

'5 SUMMAR Y OF THE INVENITinM 

process, one end Porton^of^^ptL^^ftoi^p^^^^ tiber preform. In a conventional typical drawing 

optical fiber preform is heated and softened from the othe rJ at a lower position. The 

- The optical fiber preform has a plon se^nra" °P««' 

Unfortunately, however, as for the oSsl^n^lc . porton serving as a cladding. 

obtain a completely round concentric cross section More spSffoall^ fo! ® cladding, it is difficult to 

fiber preform is not completely round. ^ section of an actually fabricated optical 

.5 PartInheSc^,l?oto^^^ ‘or the sectional structure of any 

the optical fiber preform with a nonrouSToJ secJo^^^^^^^^^ 

so a completely concentric refractive index profile cannot be obtained sectional structure. 

perpendicular to each other. These polarized comlonents^Sl^rr^prU ‘"o polarized components 

i.e., the longitudinal direction of the optical fiber lf?e refractive i^dll rS? ‘^°P®9«‘'0" direction of the light, 

direction, a deference in group velocity is general ® ^«dial 

velocity is generated between the two pSarfz^ 0^1^^ ? components. If a difference in group 

noncircularity of the optical fiber becomes larg^ poEtion ^‘spersion occurs. Therefore, as the 
Characteristics allowing long<listance transmSfon ^"®®°^®® '^^Ser. 

submarine cable or a trunk cable. However if the transmission ''®9“"'«‘ ‘o'" an optical fiber for a 

transmission is long, an influence of polariktion mode dispersion conin' distance of signal 

according to the above method, a transmission loss increa<;f>ri Particularly, m the optical fiber fabricated 

fiber could not ensure a sufficient quality allowing an aoDlication variations in outer diameter, so the optical 

of turns per unit length becomes larger the polariza3iS 1 cl Theoretically, when the number 

allowing an application ‘or'lTuTrlrrforSbfo^lSTmel^ ^'^"9 characteristics 

According to the method of fabricating the same. 

portion serving as a core and a portion Pr®‘orm having a 

based on silica glass or quartz giSs is prepar^. ^ of a plurality of types of oxide glasses 

ured by an ^ameTeirel^ur^^^^^^ ^ a°S‘^“'Th 

the rotational speed of the bobbin. The bobbin is rotated by a motor connSS ® Proportional to 
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The drawing speed is adjusted on the basis of the value measured by the outer diameter measurement device. 
When the measured outer diameter is larger than a predetermined value, the rotational speed of the motor is increased 
to inaease the drawing speed. When the measured outer diameter is smaller than the predetermined value, the rotational 
speed of the motor is decreased to decrease the drawing speed. 

5 During drawing, the optical fber preform is rotated about a central axis of rotation, i.e., an axis almost parallel to a 
central axis almost matching the central axis of the optical fiber preform at a rotational speed of 10 to 1 ,000 rpm. The 
drawing speed is 50 to 1 ,000 m/min. 

The core noncircularity of this optical fiber preform is 1% or less. The cae noncircularity is defined as 
(Dmax - Dmin)/Dmax , where Dmax is the maximum value of the diameter of the core of the preform, and Dmin is the 
10 minimum value of the diameter of the core of the preform. The shape of the resultant fber is almost the same as that 
of the fiber preform. Therefore, the noncircularity of the resultant fiber is also 1% or less. The present inventors used a 
preform having a core noncircularity of 0.35%, thereby fabricating a dispersion compensation fiber having a polarization 
mode dispersion (PMD) of 0.1 ps/km^^. When the drawing speed was set to 400 m/min, a fiber having a polarization 
mode dispersion of 0.08 ps/km'’^ was obtained. 

15 The rotational speed of the optical fiber preform is more preferably 50 to 600 rpm. The drawing tension during 
drawing is preferably 2.4 to 13 kg/mm2. The portion serving as the core of the optical fiber preform contains Ge02 at a 
concentration of 5 mol% or more. 

The rotational speed (vr) is selected from a range of 1 0 to 1 ,000 rpm. Practically, the selection range of the rotational 
speed (vr) is preferably set to 50 to 600 rpm. The drawing speed (vp) is set to 50 m/min or more in consideration of the 
20 Stability of drawing and 1 ,000 m/min or less from the viewpoint for preventing the fiber from being broken during drawing. 
As a result of such rotation drawing, an optical fiber having a twist imparted to its core at a length ( L = v p/v p ) of 0.05 
to 100 m (0.08 to 20 m when the rotational speed is 50 to 600 rpm) is obtained. 

In consideration of the viscosity of the silica glass as the base of the optical fiber during softening, the drawing 
tension Is preferably selected from a range of 2.4 to 13 kg/mm2 in order to appropriately set the width of swing without 
25 breaking. 

The polarization mode dispersion poses a problem in an optical fiber having a large specific refractive index differ- 
ence. However, the fabricating method of the present invention is particularly effective for fabricating an optical fiber 
having such a large specific refractive index difference. To obtain a large specific refractive index difference, the silica- 
based optical f foer must contain Ge02 in its core portion at a concerrtration of 5 mol% or more. 

30 As the preform, an optical fiber preform having a portion serving as a core and a portion serving as a cladding, 
consisting of a plurality of types of fluoride glasses, and having a portion consisting of fluoride glass containing at least 
one of 2rF4, Hfp4. and AIF3. 

This preform having a cladding doped with fluorine is drawn while being heated. The outer diameter of the optical 
fiber immediately after drawing is measured by an outer diameter measurement device. The drawing speed is adjusted 
35 on the basis of the measured value. The optical ftoer preform is rotated about a central axis of rotation, i.e., an axis 
almost parallel to a central axis almost matching the central axis of the optical fiber preform at a rotational speed of 10 
to 500 rpm. 

At this time, the drawing speed during drawing is preferably 1 to 200 m/min. The drawing tension during drawing is 
preferably 2.4 to 13 kg/mm2. As the outer diameter measurement device, a laser outer diameter measurement device 
40 having a detector with a measurable effective area of 1 to 9 mm^ is used. 

The surface of the resultant optical fiber is hermetically coated with a carbon film upon passing through a reaction 
tube for forming a carbon film. The surface of the carbon film is coated with a resin. 

The rotational speed (vr) Is selected from a range of 10 to 500 rpm. The drawing speed (vp) is set to 1 m/min or 
more in consideration of the stability of drawing and 200 m/min or less from the viewpoint for preventing the fiber from 
45 being broken during drawing. As a result of such rotation drawing, an optical fiber having a twist imparted to Its core at 
a length ( L = v p/v p ) of 0.002 to 20 m is obtained. 

In consideration of the viscosity of the silica glass as the material of the optical fiber during softening, the drawing 
tension is preferably selected from a range of 2.4 to 13 kg/mm^. 

When the optical fiber preform Is drawn while being rotated, the optical fiber executes a motion corresponding to 
so rotation of one of generators of a spindle between the fixed points of the optical ftoer after drawing. Therefore, the laser 
outer diameter measurement device arranged between the fixed points must measure the outer diameter of a target 
object moving with respect to the measurement unit. In this case, the laser outer diameter measurement device preferably 
has a measurable effective area of about 1 to 9 mm2. 

When a carbon film is to be formed on the surface of the optical fiber through a reaction tube, a carbon film with a 
55 high uniformity is formed because the optical fiber executes a spindle-like motion as described above in the reaction 
tube as well. 

The present invention will be more fully understood from the detailed description given hereinbelow and the accom- 
panying drawings, which are given by way of illustration only and are not to be considered as limiting the present invention. 
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Purser scope of applicability of the present invention will become apparent from the detailed description given 

i* tf’e detailed desaiption and specific examples, while indicating pre- 
ferred ei^iments of the invention, are given by way of illustration only, since various changes and modifications within 
the spirit and scope of the invention will be apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTinNI OF TUP DRAWIMfi.q 

Rg. 1 A is a view for explaining a method of fabricating an optical fiber according to the first embodiment- 
Rg. 1 B IS a view showing an optical fiber preform used in the apparatus in Fig. 1 A; 

Fig. 1 C is a view showing an optical fiber coated with carbon; 

Rg. 1 D is a view showing an optical fiber coated with a jacket; 

^ the cross section of the optical fiber taken along an arrow X - X and a refractive index 

profile tnereoi; 

Rg. 2 is a view showing a method of fabricating the optical fiber preform shown in Fig. IB; 

Rg. 3 is a block diagram showing a system using a dispersion compensation fiber 

S: ! T rotational speed and variations in outer diameter of an optical 

fiber fabricated by the method of the first embodiment; 

ZVf 'I® relationship between the drawing tension and variations in outer diameter of the optical 

fiber fabricated according to the first embodiment; ^ 

rSr ® relationship between the drawing speed and variations in outer diameter of the optical 

fiber fabricated according to the first embodiment; ^ 

Rg. 7 A is a graph showing the polarization mode dispersion (ps/kml/2) of a fiber fabricated using a preform having 

(rotation/m) of the preform during drawing is 
while the polarization mode dispersion (ps/kmi'S) of an optical fiber fabriLed at the 

rii ® ordinate, a white circle represents a measured value, and a black circle repre- 

sents a calculated value; ^ 

Rg 7B IS a graph showing the polarization mode dispersion (ps/kmi'2) of a fiber fabricated using a preform having 

^ the number of turns (rotation/m) of the preform during drawing is 

p^ along the absci^ while the polarization mode dispersion (ps/km’^) of na optical fiber fabricated at the 

sen^ ^IcuS vSI? ^ ordinate, a white circle represents a measured value, and a black circle repre- 

*'"® mode dispersion (ps/Km^^) of a fiber fabricated using a preform having 

Tinn^ noncircularity of 0.68 (%). in which the number of turns (rotaion/m) of the preform during drawing is 
pto^ along the abscissa while the polarization mode dispersion (ps/kmi'^j g, g jj , fabricated at the 

TrJf Showing the polarization mode dispersion (ps/kmi'^j g, g fabricated using a preform having 

^ «!!f 'T ® ® dispersion (ps/km^'^) of an optical fiber fabricated withL 

^iculat^ Sil!? ^ ^ 'sP^esents a measured value, and a black circle repre- 

Ra 7E is a graph showing the polarization mode dispersion (ps/km’^^j g^ g fabricated using a preform having 
^ f- of 0. 1 -1 0 (%), a white circles represent the measured PMD values of the fibers formed 
witho^ rotation, and a black circles represent the measured PMD values of the fibers formed while keeping rotatio^ 
a solid line represents the calculated value of PMD; 

Rg. 8 shows a cross section of the fiber preform shown in Fig. 2; 

Rj 9A is a view for erqjiaining a method of fabricating an optical fiber according to the second embodiment- 
Fig. 9B IS a view showing an optical fiber preform used in the apparatus in Fig 9A- 

inL^pr!^ite''i^rSr‘"^ '"'®' arrow X - X and a refractive 

Fig. 9D is a view showing a method of fabricating the optical fiber preform shown in Fig, 9B- and 
Fig. 9E IS a view showing a method of fabricating the optical fiber preform shown in Fig. 9B. 

DESCRIPTION OF T HE PREFERRED FMRQDIMFMT.R 

™ ^ 1 "'e same Sterne* 

drawings, and a detailed description thereof will be omitted. 
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As shown in Fig. 1 A, in the method of fabricating an optical fiber according to the first embodiment, an optical fiber 
preform 100 is prepared. The optical fiber preform 100 is fabricated by the vapor-phase axial deposition method (VAD 
method), the outside vapor phase deposition method (OVD method), the modified chemical vapor deposition method 
(MCVD method), or the rod-in-tube method. 

The fiber preform of this embodiment was fabricated by the rod-in-tube method shown in Fig. 2. More specifically, 
a hole is formed in a cladding material 100b, and a core material 100a is inserted into the hole, thereby fabricating the 
preform 100. 

The noncircularity (%) of the core material 10a is 1% or less. The noncircularity of the core material Is 
defined as shown in Fig. 8: 



Noncircularity (%) = (Dmax - Dmin)/Dmax x 100 



where Dmax is the maximum value of the diameter of the core material 100a, and Dmin Is the minimum value of the 
diameter of the core material 100a. 

15 The optical fiber preform 100 is fixed to a rotational chuck 210 and set in a drawing furnace 200. Upon driving a 
motor 220, the optical fiber preform 100 is rotated almost about its central axis (rotational speed vr = 10 to 1 ,000 rpm) 
as the center of rotation. 

At this time, the lower end of the optical fiber preform 100 is heated by a heater 230 to draw an optical fber 150 
(drawing speed vp = 50 to 350 m/min). The drawn optical fiber 150 passes through a reaction tube 400 for forming a 
20 carbon film. A gas containing CHCI3 and C2H4 is supplied into the reaction tube 250. The CHCI3 and C2H4 in the gas 
are reacted on the surface of the optical fiber 1 50. Carbon sticks to the surface of the optical fiber to form a carbon film 1 51 . 

Since the optical fiber 150 executes a spindle-like motion in the reaction tube 250, the carbon film 151 with a high 
uniformity is formed. The outer diameter of an optical fiber 160 coated with carbon is measured by a laser outer diameter 
measurement device 300. In accordance with the rotation of the optical fiber preform 100, the resultant optical fiber 100 
25 is formed into not a linear shape but a spindle-like shape. The laser outer diameter measurement device 300 has a 
measurable area allowing outer diameter measurement even when the position of the target measurement object is 
changed by the motion of the optical fiber 160. 

In this embodiment the measurable area is 5 mm2, jhe necessary measurable area depends on the set position 
of the laser outer diameter measurement device, though it is normally appropriately selected from a range of 1 to 9 mm2. 
30 The measurement result is informed to a drawing control unit 400. The drawing control unit 400 controls the heating 
temperature or the drawing speed on the basis of the measured value such that the outer diameter has a predetermined 
value (normally, 125 pm). 

When an almost constant number of turns (L [m]) of the core is to be obtained for the overall optical fiber 160, the 
rotational speed (vr [rpm]) and the drawing speed (vp [m/min]) are controlled as follows: 

35 

L = V p/v R = constant value 

The optical fiber 1 60 passing through the laser outer diameter measurement device passes through a liquid resin 
510 stored in a resin coating die 500. The resin sticks to the surface of the optical fiber 160 passing through the liquid 
40 resin 510. An optical fiber 1 70 with the resin passes through the irradiation region of a UV lamp 600 to cure the resin 
and yields a resin-coated optical fiber 180. The resin-coated optical fiber 180 is wound on a drum 700. 

A twist of one turn is imparted to the core of the optical fiber 180 (including the optical fibers 150, 160, and 170) 
obtained in the above manner at a length L = v p/v r . The distortion in the sectional structure of the optical fiber uniformly 
appears in all directions of 360® at a predetermined length. Therefore, the entire long optical fiber can equivalently be 
45 regarded as an optical transmission line having a round and concentric structure. 

The improvement amount of the polarization mode dispersion by this twist is quantitatively described in "A. J. Barlow 
et al.: APPLIED OPTICS, Vol. 20, No. 17, 1. September 1981. pp. 2962 - 2968”. 



PMD (4>) = (1/24>) X (B/X) x PMD (<I> =0) (1) 

50 

where 

<t>: number of turns of core per unit length of the optical fiber. 

PMD (<t>): polarization mode dispersion (ps/km^^^) when the number of turns is <t>. 

PMD (0): polarization mode dispersion (ps/km^^) when the nuber of turns is 0 
55 B: birefringence of the optical fiber (nondimensional) 

X: wavelength of light (km) 



PMD = B/C 




where 

C: speed of light = 3 x IQS km/sec 

was ** "o™i-a,I.Nt,. Tha «a.el.ng». l 



Core noncircularity (%) 
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applicable for the system of Fig 3 ^ ^0 turns per meter is 

Conditions for this experiment were as follows. 

Material of preform: quarts glass (silica glass) 

Outer diameter of preform 1 00; 36 mm 
Ge02 concentration in core 100a; 10 mol% 

Drawing speed; 100 m/min 
Drawing tension; 6.5 kg/mm2 (corresponding to an 
applied tension of 80 g for a completed fiber with a diameter of 125 pm) 

graph of Fig. 4. when the rotational speed is 10 toTooo mmlhr^rl ^ appa^nt from the 

±3 pm. ^ ’°°° '^"ations in outer diameter fall within a range of about 

prefori^nTsfobSirS To thTS^a^ aVaCr^^^^^ 
and serened portion Of the 

rofational^speed must be set to 50 to 600 rpm, as is a^rSuromL gr“ ^^4 

.anatas la oi?S™ro° Z '!T " «"<’ 

inventors. Conditions for the experiment are as follows. ^ ® ° as a result of an experiment by the present 

Material of preform: quartz glass (silica glass) 

Outer diameter of preform 100; 36 mm 
Ge02 concentration in core 100a; 10 mol% 

Drawing speed: 100 m/min 
Rotational speed: 300 rpm 

(Inal outar diaa,a,» baTS aa^TaJlSlSSSlJTi ^ 
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for the experiment are as follows: 

Material of preform: quartz glass (silica glass) 

Outer diameter of preform 100: 36 mm 
Ge 02 concentration in core 100a: 10 mol% 

5 Rotational speed: 300 rpm 

Drawing tension : 1 0 kg/mm2 

As is apparent from the graph of Fig . 6, to minimize the variations in outer diameter, the drawing speed is preferably 
set to 50 to 1 ,000 m/min. 

The relationships shown by the graphs of Figs. 4 to 6 are experimental results under the above conditions. Even 
10 when the rotational speed, the drawing tension, and the drawing speed vary within the preferable ranges perceived from 
Figs. 4 to 6, the same relationships as described above can be observed. 

An embodiment of the method of fabricating an optical fiber based on silica glass has been described above. Con- 
sider the viscosity of silica glass in softening and the viscosity of fluoride glass used as the material of the optical fiber 
in softening. In this case, © the rotational speed (vr) is preferably 10 to 500 rpm in consideration of the stability and 
15 realization of rotation, ©the drawing speed (vp) is preferably 1 m/min or more from the viewpoint of the stability of 
drawing and 200 m/min or less from a practical viewpoint for preventing the fiber from being broken during drawing, and 
® the drawing tension is preferably 2.4 to 13 kg/mm2 in consideration of the viscosity of fluoride glass as the material 
of the optical fiber in softening. 

An optical fiber having the refractive index profile (A type) in Fig. 1 E was fabricated. Fabrication conditions and 
20 characteristics of the optical fiber are shown in Tables I to V. 
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Table I 



Sample No. 


A-1 


A-2 


A-3 


A-4 


Fiber structure 


Profile type 


A 


A 


A 


A 




A* (%) 


2.6 


2.6 


2.6 


2.6 




A- (%) 


0.36 


0.36 


0.36 


0.36 




Ra 


- 


- 


- 


- 




2Da (pm) 


2.2 


2.2 


2.2 


2.2 


Drawing 


Rotational speed (r/min) 


300 


0 


400 


500 




Drawing speed (m/min) 


100 


100 


100 


100 




Drawing tension (kg/mm^) 


13 


13 


13 


13 


Characteristics 


Variations in fiber diameter (pm) 


±0.2 


±0.2 


±0.5 


>±1 




Polarization mode dispersion (ps/km''^) 


0.1 


2.0 


0.08 


0.05 




Dispersion value (ps/km/nm) 


-95 


-95 


-95 


-95 




Dispersion slope (ps/km/nm2) 


+0-09 


+0.09 


+0.09 


+0.09 




Transmission loss (dB/km) 


0.38 


0.38 


0.38 


0.38 




Figure of merit (ps/nm/dB) 


250 


250 


250 


250 




Preform core noncircularity (%) 


0.35 


0.35 


0.35 


0.35 
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Table II 
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Table III 



Sample No. 


A-9 


A-10 


A-11 


A-12 


Fiber structure 


Profile type 


A 


A 


A 


A 


A^(%) 


2.6 


2.0 


3.0 


2.6 


A- (%) 


0.36 


0.36 


0.36 


0.36 


Ra 


- 


- 


- 


- 


2Da (nm) 


2.2 


2.5 


2.0 


2.2 


Drawing 


Rotational speed (r/min) 


300 


300 


300 


300 


Drawing speed (m/min) 


1000 


100 


100 


100 


Drawing tension (kg/mm2) 


13 


13 


13 


13 


Characteristics 


Variations in fiber diameter (pm) 


±0.5 


±0.2 


±0.5 


±0.2 


Polarization mode dispersion (ps/km^^) 


0.8 


0.08 


0.3 


4.0 


Dispersion value (ps/km/nm) 


-95 


-80 


-120 


-95 


Dispersion slope (ps/km/nm2) 


+0.09 


+0.09 


+0.08 


+0.09 


Transmission loss (dB/km) 


0.38 


0.38 


0.61 


0.38 


Figure of merit (ps/nm/dB) 


250 


242 


197 


250 


Preform core noncircularity (%) 


0.35 


0.36 


0.39 


1.0 



Table IV 



Sample No. 


A-13 


A-14 


A-15 


A-16 


Fiber structure 


Profile type 


A 


A 


A 


A 


A‘(%) 


2.6 


2.6 


0.8 


0.8 


A- (%) 


0.36 


0 


0 


0 


Ra 


- 


- 


- 


- 


2Da (pm) 


2.2 


2.2 


5.0 


5.0 


Drawing 


Rotational speed (r/min) 


0 


300 


0 


300 


Drawing speed (m/min) 


100 


100 


100 


100 


Drawing tension (kg/mm2) 


13 


13 


13 


13 


Characteristics 


Variations in fiber diameter (pm) 


±0.2 


±0.2 


±0.1 


±0.2 


Polarization mode dispersion (ps/km^^) 


30 


0.1 


0.12 


0.008 


Dispersion value (ps/km/nm) 


-95 


-95 


+1 


+1 


Dispersion slope (ps/km/nm2) 


+0.09 


+0.09 


+0.08 


+0.08 


Transmission loss (dB/km) 


0.38 


0.9 


0.21 


0.21 


Figure of merit (ps/nm/dB) 


250 


106 


X 


X 


Preform core noncircularity (%) 


1.0 


0.35 


0.35 


0.35 
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Table V 



Sample No. 




A-17 


A-18 


Fiber structure 


Profile type 


A 


A 




A* (%) 


0.8 


0.4 




A- (%) 


0 


0 




Ra 


- 


- 




2Da (fim) 


10.0 


10.0 


Drawing 


Rotational speed (r/min) 


0 


300 




Drawing speed (m/min) 


100 


100 




Drawing tension (kg/mm2) 


13 


13 


Characteristics 


1 Variations in tiber diameter (nm) 


±0.1 


±0-2 




Polarization mode dispersion (ps/km’'^) 


0.15 


0.006 




Dispersion value (ps/km/nm) 


+17 


+17 




Dispersion slope (ps/km/nm 2 ) 


+0.06 


+0.06 


- 


Transmission loss (dB/km) 


0.19 


0.19 




Figure of merit (ps/nm/dB) 


X 


X 




Fretorm core noncircularity (%) 


0.38 


0.38 
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apparatus shown in F,“ 9A rthTlame a^tS^wn in Fig 'll' ^ fabricating 

set in this apparatus. The preform 800 is fabricated by the ?od-in tube mrth!lrt'T Preform 800 

core rod 13 is silica glass doped with GeOz, A d<Sng amSrtof gIo h® ^ iJi'® 

in proportion to the second power to the fifth power of distance toward ^ refractive index decreases 

in the core rod 1 3 may be arranged to decree steo wrthT P®"f ®’’y fro*" the center. The refractive index 
cladding 1 1 is silica glass uniformly doped with fluorine. increase of distance away from the center. The first 

13 is inserted into the Me ® tiole 11h for inserting the core rod 13 thereinto. Then the core rod 

silica glass. The SSlid^ia^dfog 12 tep/rfofare?^^^^^ rod 12 is pure 

Then the first cladding rod 1 1 wrth the core^rod i-^ ^ inserting the first cladding rod 1 1 thereinto 

to complete a preform 800. *"<0 the hole 12h. and the combination is hem^ 

800 9A to produce a fiber 103. One end of the preform 

optical fiber. The optical fiber is wound around rteke^o^eJu^h x 7 na 

cladding 2. ^ “almo 4. and the resin coat 5 surrounding the second 

When the refractive index oMlircTe'^3^*ifnc"tfiat of^^ *'!® i°'® ^ ^''^1 cladding. 
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difference of the core 3 to the second cladding 2. A* = (nc - n2)/n2 , is larger than 0.02 but smaller than 0.03. A specific 
refractive index difference of the first cladding 1 to the second cladding 2, A“ = (n2 - n1)/n2 . is larger than 0.004 but 
smaller than 0.01 . Furthermore, a bending loss Lbend of this fiber at the wavelength 1 .55 pm with a bending diameter 
2R (where R is a radius of curvature of dispersion compensation fiber) being lower than 40 mm is below 0.01 dB/m. The 
5 outerdiameter (2Dc) of the second cladding2 is 125 (im. Thediameter (2Da) of the core 3 in the dispersion compensation 

fiber is between 2.4 jim and 3.2 nm both inclusive of 2Dc. This is smaller than the core diameter of the conventional 
single-mode fiber (lOfim of 2Dc). 

In summary, the dispersion compensation fiber of this embodiment has the following relations: 

10 n1 < n2 < nc < n5. 

2 (im < 2Da < 4 nm. 

0.3 < (Da/Db) < 0.6, 

15 

0.02 < A* = (nc - n2)/n2 < 0.03, 

0.003 < A" = (n2 - n1)/n2 < 0.01, 

20 40 mm £ 2R ^ 80 mm, 

•-bend < O O'I (2R = 40 mm). 

•-bend < 0.000001 dB/m (2R = 80 mm). 

25 

PMD < O.SpslJkm 

Now, the characteristics of the dispersion compensation optical fiber according to this embodiment will be 
described. Fig. 3 shows an optical transmission system using the above dispersion compensation fiber. This system is 
30 provided with a light source 1 0. a transmission link 101 for connecting the light source to a fiber amplifier 1 02, a dispersion 
compensation fiber 103 connected to the erbium-doped fiber 102 and wound around a bobbin 106, a band-pass filter 
1 04 connected to the dispersion compensation fiber 1 03, and a detector 1 05 connected to the band-pass filter 1 04. The 
transmission link 101 is a single-mode optical fiber 101 having zero dispersion at a predetermined wavelength between 
1 ,290 nm and 1 ,330 nm, for example at 1 ,31 0 nm. The radius of curvature R of the dispersion compensation fiber 1 03 
35 thus wound is between 20 mm and 40 mm both inclusive. Accordingly, the bending diameter 2R is between 40 mm and 
80 mm both iriclusive. The elements other than the dispersion compensation fiber in this system are described in Euro- 
pean Laid-Open Patent Application No. 055471 4A1. Note that a fiber 170 may also be used in place of the dispersion 
compensation fiber 103. 
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Conditions for fabricating the fiber (type B) in Rg. 9C are shown in Table VI. 



Table VI 



Sample No 




B-1 


B-2 


B-3 


Fiber structure 


Profile type 


B 


B 


B 




A’ (%) 


2.1 


2.6 


3.0 




A- (%) ■ 


0.36 


0.36 


0.36 




Ra 


0.3 


0.3 


0.3 




2Da (pm) 


2.8 


2.4 


2.2 


Drawing 


Rotational speed (r/min) 


300 


300 


300 




Drawing speed (m/min) 


100 


100 


100 




Drawing tension (kg/mm2) 


13 


13 


13 


Characteristics 


1 Variations in fiber diameter (|im) 


±0.2 


^.2 


±0.2 




Polarization mode dispersion (ps/km^^) 


0.07 


0.12 


0.28 




Dispersion value (ps/km/nm) 


-85 


-100 


+175 




Dispersion slope (ps/km/nm2) ~ ' 


-0.2 


-0.26 


-0.31 




Transmission loss (dB/km) 


0.45 


0.55 


1.4 


_ 


Figure of merit (ps/nm/dB) 


189 


182 


125 




Preform core noncircularity (%) 


0.38 


0.36 


0.37 
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made. For example, in the enfoodin^St of the^e^SfaS^^^^^^^ modifications can also be 

highly doped with GeO^. HowevHrcc^e mav 9'^^- core is 

tration is not limited. Even with an optical fiber te“no a di^’^ r*' 

obtained accofoing to the same fabSrCmefo^ ^e 

the optical fiber is faSSS^S’rotetiOT Present invention, 

drawing tension). For this reason, even when the c^tiSSror hT°“ ^^'^wing speed, and 

tore, an optical fiber capable of equivalently suonriLinn ^fi ^ completely round and concentric struc- 

can be stably fabricated suppressing polarization mode dispersion caused due to the noncircularity 

Therefore, a high-quality optical fiber having a hioh r^stanrp fn’o ® uniformity can be formed. 

can be fabricated. ^ ^ and free from variations in outer diameter 

aren^H^btr'S^r^d^ 

obvious to one skilled in the art are intended for inclusion w^ n »h ^ ®^sh modifications as would be 

The basic Japanese Application No 

reference. ^ ^ ^ August 26, 1994, is hereby incorporated by 
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A method of fabricating a dispersion compensation fiber, comprising the steps of: 

wherein (ncm1)/n1^fs*iTfo?^rlh^e^ ® cladding which surrounds said core, 

cladding; and ® ® core and n1 is a refractive index of said 

(b) performing drawing while rotating said optical fiber preform about an axis 
wherein a rotational speed of said optical fiber preform is 10 to 1.000 rpm. 



12 







EPO 698582 A2 

a drawing speed is 50 to 1 ,000 m/min. and 
a drawing tension Is greater than 2.4 kg/mm2. 

2. A method according to claim 1 , wherein the drawing tention is smaller than 16 kg/mn)2. 

5 

3. A method according to claim 1 , wherein the drawing tention is smaller than 13 kg/mm2. 

4. A method according to claim 1 , wherein said core is doped with Ge02 at a concentration of 5 mol7o to 30 mol7o, and 

said cladding is doped with F at a concentration of 0.1 to 2 wt%. 

10 

5. A method according to claim 1 . wherein the drawing speed is 100 to 500 m/min. 

6. A method of fabricating a dispersion compensation fiber, comprising the steps of: 

15 (a) preparing a silica-based optical fiber preform comprising a core, a first cladding which surrounds said core 

and a second cladding which surrounds said first cladding, wherein (nc-n2)/n2 is 2 % to 3 %, and wherein (n2- 
n1)/n2 is 0.4 % to 1 %, where nc is a refractive index of said core, n1 is a refractive index of said first cladding, 
and n2 is a refractive irxJex of said second cladding: and 

(b) performing drawing while rotating said optical fiber preform about an axis, wherein a rotational speed of said 
20 optical fiber preform is 10 to 1 ,000 rpm, 

a drawing speed is 50 to 1 ,000 m/min, and 
a drawing tension is greater than 2.4 kg/mm2. 

7. A method according to claim 6, wherein the drawing tention is smaller than 16 kg/mm2. 

25 

8. A method according to claim 6, wherein the drawing tention is smaller than 1 3 kg/mm2. 

9. A method according to claim 6, wherein said core is doped with Ge02 at a concentration of 5 to 30 mol7o, 

said first cladding is doped with F at a concentration of 0.1 wt% to 2 wt%. 

30 

1 0. An optical transmission system having a dispersion compensation fiber, wherein said dispersion compensation fiber 
comprises: 

(a) a core; and 

35 (b) a cladding surrounding said core, wherein 

(nc-n1)/n1 is 1 % to 3 7©, 

a noncircularity of said core is not more than 1%, said dispersion compensation fiber is twisted at a rate 
of 1 to 20 turns per meter, and 

a polarization mode dispersion of said dispersion compensation fiber Is not more than 0.5 ps/km~ 2 , where 
40 nc is a refractive index of said core and n1 is a refractive index of said cladding. 

1 1 . A system according to claim 1 0, wherein said core is doped with Ge02 at a concentration of 5 to 30 mol7o, and 

said cladding is doped with F at a concentration of 0.1 wt% to 2 wt%. 

45 1 2. An optical transmission system having a dispersion compensation fiber, wherein said dispersion compensation fiber 

comprises 

(a) a core; 

(b) a first cladding surrounding said core; and 

50 (c) a second cladding surrounding said first cladding, 

wherein 

(nc-n2)/n2 is 2 7© to 3 %. 

(n2-n1)/n2 is 0.4 7© to 1 7©, 
a noncircularity of said core is not more than 1%. 

55 said dispersion compensation fiber Is twisted at a rate of 1 to 20 turns per meter, and 

a polarization mode dispersion of said dispersion compensation fiber is not more than 0.5 ps/km"2, where 
nc is a refractive index of said core, nl is a refractive index of said first cladding, and n2 is a refractive index of 
said second cladding. 




An optical transmission system having a dispersion compensation fiber, wherein said dispersion conpensation fiber 
IS coi^nsed of a material comprising either one of AIF3. ZrF4 and HfF4. and wherein said dispersion compensation 
fiber twisted at a rate of 1 to 20 turns per meter. 
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Fig. !B 
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PMD (ps /r-km) 



Fig. 7E 

-- 0 — PMD MEASURED VALUE (NO ROTATION) 

--•—PMD MEASURED VALUE ( 3 OOrpm, DRAWING SPEED 
PMD CALCULATED VALUE 1 OOm/min ) 




PMD (s/r-km) = B/c 

WHERE B: BIREFRINGENCE 

C: SPEED OF LIGHT 3x|C?km/s 
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